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LVVXHVWKDWZLOODIIHFWXVDOOLQWKHQHDUIXWXUH$QWKURSRJHQLF&2HPLVVLRQVDUHWKH
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&2 HPLVVLRQV >-@ 5HFHQWO\ YDULRXV VHSDUDWLRQ WHFKQLTXHV IRU &&6 KDYH EHHQ
LQYHVWLJDWHG LQFOXGLQJ DEVRUSWLRQ DGVRUSWLRQ PHPEUDQH VHSDUDWLRQ HWF $PRQJ
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ZLWKH[FHOOHQWPDVV WUDQVIHU IRUUHDFWDQWV UHPDUNDEOHVWDELOLWLHVDQG LQHUWSURSHUWLHV
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 J ZDV DGGHG IROORZHG E\  K RI VWLUULQJ DW  & $IWHUZDUGV WKH PLON\
PL[WXUHZDVWUDQVIHUUHGLQWRDQDXWRFODYHDQGDJHGDW&IRUK7KHREWDLQHG
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12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FDOFLQDWLRQ WR IRUP &D2 ,Q D W\SLFDO SUHSDUDWLRQ    DQG  J RI
&D12ā+2FRUUHVSRQGLQJWRDQGJ&D2UHVSHFWLYHO\ZHUHGLVVROYHG
LQPORIGLVWLOOHGZDWHU:KHQWKHSUHFXUVRUZDVFRPSOHWHO\GLVVROYHGJRI0&)
ZDV WKHQ DGGHG LQWR HDFK RI WKH FDOFLXP QLWUDWH VROXWLRQV ZKLOH VWLUULQJ $IWHU WKH
VROYHQWZDVUHPRYHGE\HYDSRUDWLRQDQGGULHGWKHVDPSOHVZHUHFDOFLQHGDW&
IRU  K LQ DLU ZLWK D KHDWLQJ UDWH RI  &PLQ 7KH SURGXFWV ZHUH GHVLJQDWHG DV
0&)-[&D2ZKHUH[ DQGUHVSHFWLYHO\ 
 
&KDUDFWHUL]DWLRQ 
3RZGHU ;-UD\ GLIIUDFWLRQ 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DGVRUSWLRQ-GHVRUSWLRQ LVRWKHUPV ZHUH PHDVXUHG ZLWK D 0LFURPHWULFV $6$3 
SK\VLVRUSWLRQDQDO\]HU7KHVDPSOHVZHUHSUHWUHDWHGE\GHJDVVLQJXQGHU1SXUJHDW
&IRUKSULRUWRPHDVXUHPHQW7KHVXUIDFHDUHDRIHDFKVDPSOHZDVGHWHUPLQHG
DFFRUGLQJ WR WKH 1 SK\VLVRUSWLRQ GDWD DW ± & FDOFXODWHG E\ WKH %UXQDXHU±
(PPHWW±7HOOHU %(7PHWKRG LQ WKH UHODWLYHSUHVVXUH UDQJHRI± 33R7KH
WRWDOSRUHYROXPHZDVFDOFXODWHGIURPWKHDGVRUEHGYROXPHDW33R7KHSRUH
VL]H GLVWULEXWLRQ ZDV GHWHUPLQHG E\ WKH %DUUHWW±-R\QHU±+DOHQGD %-+ PRGHO 7KH
PRUSKRORJLHVRI WKH DV-V\QWKHVL]HGFRPSRVLWHVZHUHREVHUYHG LQD1RYD1DQR6(0
VFDQQLQJHOHFWURQPLFURVFRSH6(0  
7KH &2 VRUSWLRQ SURSHUW\ DQG WKH PXOWLF\FOLF FDUERQDWLRQFDOFLQDWLRQ
SHUIRUPDQFH RI HDFK VDPSOH ZHUH LQYHVWLJDWHG XVLQJ WKH 7*$ PHWKRG E\ D
WKHUPRJUDYLPHWULFDQDO\]HU6WDQWRQ5HGFURIW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7KH FDSWXUH RI &2 RQ WKH SUHSDUHG FRPSRVLWHV LV DFKLHYHG E\ WKH FKHPLFDO
UHDFWLRQEHWZHHQ&D2DQG&2ZKLFKLVDUHYHUVLEOHSURFHVV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/ĂŵƋƵŝƚĞĐƵƌŝŽƵƐǁŚĞƌĞĚŝĚǇŽƵůĞĂƌŶƚŚŝƐĚĞĨŝŶŝƚŝŽŶ ? 
 
/ĨŝƚŝƐǁĞůůĂĐĐĞƉƚĞĚďǇƌĞƐĞĂƌĐŚĐŽŵŵƵŶŝƚǇ ?ƉůĞĂƐĞůŝƐƚƐŽŵĞ
ƌĞĨĞƌĞŶĐĞƐŚĞƌĞ ? 
 
&ƌŽŵ ? ? ? ?ƚŽƚŽĚĂǇǁŚĞŶŵǇWŚƐƚƵĚĞŶƚƐƉƵďůŝƐŚƚŚĞŝƌ
ǁŽƌŬŝŶƐŽůǀĞŶƚ-ďĂƐĞĚĐŚĞŵŝĐĂůĂďƐŽƌƉƚŝŽŶ ?tĞĂůǁĂǇƐƵƐĞ
 ‘ĂƉƚƵƌĞ>ĞǀĞů ? ? 
 
^ŽŵĞŽĨŽƵƌĂĐĂĚĞŵŝĐĨƌŝĞŶĚƐůŝŬĞ ‘ĂƉƚƵƌĞZĂƚĞ ? ? 
  
 
   
ZKHUHPQLVWKHVDPSOHZHLJKWDIWHUQF\FOHVRIFDUERQDWLRQPRLVWKHZHLJKWRIWKH
RULJLQDOVDPSOHDIWHUGHJDVVLQJEPHDQVWKHFRQWHQWRI&D2LQWKHRULJLQDOVDPSOH
ZW:&D2DQG:&2UHSUHVHQWWKHPRODUPDVVRI&D2DQG&2UHVSHFWLYHO\Ǆ 
 
3. 5HVXOWVDQGGLVFXVVLRQ 
&KDUDFWHUL]DWLRQVRIWKH0&)-[&D2VDPSOHV 
7KH ;5' SDWWHUQV LQ )LJXUH  VKRZ WKH FU\VWDOOLQH VWUXFWXUH RI WKH SUHSDUHG
0&)-[&D2VDPSOHV,WFDQEHVHHQWKDWWKH0&)-&D2VKRZVDOPRVWQRGLIIUDFWLRQ
SHDNVLQWKH;5'SDWWHUQZKLOHWKH0&)-&D2WKH0&)-&D2DQGWKH0&)-&D2
H[KLELW ERWK &D6L2 DQG &D2 SHDNV ,W LV VXJJHVWHG WKDW 0&) LV FRPSRVHG RI
DPRUSKRXV VLOLFD ZLWKRXW FU\VWDOOLQH VWUXFWXUH 'XULQJ WKH LPSUHJQDWLRQ SURFHVV
&D12HQWHUVLQWRWKHSRUHVRI0&):KHQWKHPL[WXUHZDVFDOFLQHGXSWR&
LQ DLU &D12 PHOWV DW  & DQG VXEVHTXHQW GHFRPSRVLWLRQ RFFXUUHG LQ WKH
PROWHQSKDVH&D12ĺ&D2122'XULQJWKHFDOFLQDWLRQRIPDWHULDO
DSDUWRI&D2UHDFWHG WR IRUP&D6L2 &D26L2ĺ&D6L2 >@$V IRU WKH
0&)-&D2 VDPSOH DOWKRXJK VRPH RI WKH &D2 WUDQVIRUPHG LQWR &D6L2 WKH
DPRUSKRXV 0&) ZDV VWLOO WKH PDMRU FRQVWLWXHQW WKHUHIRUH QR REYLRXV GLIIUDFWLRQ
SHDNVDUHSUHVHQW)RUWKH0&)-&D2VRPHFKDUDFWHULVWLFSHDNVRI&D6L2DSSHDUHG
RQWKH;5'SURILOHEXWWKHSHUFHQWDJHRI&D2ZDVVWLOOYHU\VPDOO VXJJHVWLQJWKDW
DOPRVWDOOWKH&D2KDGWUDQVIRUPHGLQWR&D6L2:LWKWKHLQFUHDVHRIWKH&D20&)
VWRLFKLRPHWULF UDWLR WKH 0&)-&D2 DQG WKH 0&)-&D2 VKRZHG PXFK PRUH
LQWHQVLYH&D2GLIIUDFWLRQSHDNVZKLOHWKH&D6L2GLIIUDFWLRQSDWWHUQVGLGQRWFKDQJH
PXFKLQGLFDWLQJWKDWWKHIRUPHG&D6L2SUHYHQWHGWKHIXUWKHUUHDFWLRQEHWZHHQ&D2
DQG6L27KHUHIRUHIURP;5'DQDO\VLVLW LVREYLRXVWKDWRQO\WKH0&)-&D2DQG
WKH 0&)-&D2 KDYH WKH DFWLYH VLWHV RI &D2 ZKLFK FRXOG EH DYDLODEOH IRU &2
FDSWXUH 
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)LJXUH  ;5'SDWWHUQVRI0&)-[&D2VDPSOHVZKHUH[ DQGUHVSHFWLYHO\ 
 
7KH PRUSKRORJ\ RI HDFK 0&)-[&D2 VDPSOH ZDV DQDO\]HG E\ 6(0 DQG WKH
LPDJHV ZHUH VKRZQ LQ )LJXUH  7KH 0&)-&D2 VDPSOH H[KLELWHG D UHODWLYHO\
UHJXODU SDUWLFOH VKDSH ZLWK D SRURXV VXUIDFH PRUSKRORJ\ZKLFK ZDV VLPLODU WR WKH
RULJLQDO 0&) PDWHULDO :LWK WKH LQFUHDVH RI &D2 FRQWHQW WKH PRUSKRORJLHV DQG
VWUXFWXUHVRI0&)-[&D2FKDQJHGJUDGXDOO\)RUH[DPSOHIRUWKH0&)-&D2VDPSOH
WKHUHZDVDVOLJKWLQFUHDVHLQ WKHGHJUHHRIDJJUHJDWLRQDQGWKHSDUWLFOHVXUIDFHZDV
PRUH VPRRWK DQG GHQVH +RZHYHU WKH 0&)-&D2 DQG WKH 0&)-&D2 VKRZHG
FOHDUO\GLIIHUHQWPRUSKRORJLHVFRPSDUHGZLWKWKH0&)-&D2DQGWKH0&)-&D2
)RU WKH 0&)-&D2 DQG WKH 0&)-&D2 D ODUJH PRQROLWKLF VWUXFWXUH LV REVHUYHG
LQFOXGLQJ WKDW WKH VXUIDFH EHFDPH YHU\ GHQVH 7KLV PD\ EH GXH WR WKH SUHVHQFH RI
ODUJHDPRXQWRI&D2SDUWLFOHVRXWVLGHWKHPHVRSRUHVRI0&) 
 
 )LJXUH  6(0LPDJHVRIHDFK0&)-[&D2VDPSOHDE0&)-&D2FG0&)-&D2HI
0&)-&D2JK0&)-&D2 
 
7KH SRURVLW\ SURSHUWLHV RI WKH 0&)-[&D2 VDPSOHV ZHUH FKDUDFWHUL]HG E\ 1
DGVRUSWLRQ-GHVRUSWLRQ LVRWKHUPV DV VKRZQ LQ )LJXUH  7KH %(7 VXUIDFH DUHD DQG
WRWDOSRUHYROXPHRIHDFKVDPSOHDUHVXPPDUL]HGLQ7DEOH$VVHHQIURP)LJXUH
HDFKVDPSOHVKRZHGDW\SH,9LVRWKHUPDFFRUGLQJWR,83$&FODVVLILFDWLRQZKLFKLV
W\SLFDOLQWKHRULJLQDO0&)0HDQZKLOHWKHLVRWKHUPVKRZHGDVWHHSK\VWHUVLVORRSRI
W\SH+DWUHODWLYHO\KLJKSUHVVXUHZKLFKZDVDWWULEXWHGWRWKHFDSLOODU\FRQGHQVDWLRQ
Commented [F3]: dŚĞƐĞŝŶĨŽƌŵĂƚŝŽŶĂƌĞƐŚŽǁŶĂƚƚŚĞ
ďŽƚƚŽŵŽĨĞĂĐŚƉŝĐƚƵƌĞ ?ĂůƚŚŽƵŐŚƚŚĞǇĂƌĞƚŽŽƐŵĂůů ? 
Commented [ 4]: 'ŝǀĞƚŚĞ^DŽƉĞƌĂƚŝŶŐĐŽŶĚŝƚŝŽŶǁŚĞŶ
ƚĂŬŝŶŐƚŚĞŝŵĂŐĞƐ ?ƐƵĐŚĂƐĂĐĐĞůĞƌĂƚŝŽŶǀŽůƚĂŐĞ ?ǁŽƌŬ
ĚŝƐƚĂŶĐĞ ?ŝŵĂŐĞŵŽĚĞ ?ĞƚĐ ?
SKHQRPHQRQ RI WKH ODUJH PHVRSRUHV LQ WKH FRPSRVLWH PDWHULDO ,Q DGGLWLRQ WKH
VDPSOHV VKRZHGYHU\ ORZ1 DGVRUSWLRQTXDQWLWLHV DW UHODWLYHO\ ORZSUHVVXUH UDQJH
VXJJHVWLQJWKDWDZHDN LQWHUDFWLRQSUHVHQWEHWZHHQ WKHDGVRUEHQWDQG WKHDGVRUEDWH
:KHQ 33 !  WKH 1 XSWDNHV VKRZHG D VKDUS ULVH 7KLV W\SH RI LVRWKHUP LV
FRPPRQ LQVROLGDGVRUEHQWZLWK UHJXODUVSKHULFDOSDUWLFOHVZKLFKLVFRQVLVWHQWZLWK
WKH6(0REVHUYDWLRQ  
7KH%(7VXUIDFHDUHDDQG WRWDOSRUHYROXPHRI WKH0&)-&D2VDPSOHZHUH
 PāJ- DQG  FPāJ- UHVSHFWLYHO\ PXFK ORZHU WKDQ WKRVH RI WKH RULJLQDO
0&)DSSUR[LPDWHO\aPāJ-DQGaFPāJ-7KLVLVEHFDXVHWKH&D2
FRQWHQWKDGRFFXSLHGDFRQVLGHUDEOHDPRXQWRIVSDFHLQWKHPHVRSRUHVRI0&):LWK
WKHLQFUHDVHRI&D2FRQWHQWWKH1XSWDNHVRI0&)-[&D2VKRZHGDVKDUSGHFUHDVH
$FFRUGLQJO\ WKH VXUIDFH DUHDV DQG WRWDO SRUH YROXPHV RI WKH 0&)-&D2 WKH
0&)-&D2 DQG WKH 0&)-&D2 ZHUH UHGXFHG WR    PāJ- DQG 
  FPāJ- UHVSHFWLYHO\ 7KH 1 DGVRUSWLRQ-GHVRUSWLRQ LVRWKHUP RI WKH
0&)-&D2 ZDV DOPRVW SDUDOOHO WR WKH ; D[LV VXJJHVWLQJ WKDW PDMRULW\ RI WKH
PHVRSRUHVKDGEHHQRFFXSLHGE\&D27KHUHIRUHDGGLQJPRUH&D2ZRXOGSUREDEO\
OHDGWRWKHFRPSOHWHEORFNDJHRIPHVRSRUHV 
 
7DEOH  %(7VXUIDFHDUHDDQGWRWDOSRUHYROXPHRIHDFK0&)-[&D2VDPSOH 
6DPSOH 0&)-&D2 0&)-&D2 0&)-&D2 0&)-&D2 
%(7VXUIDFHDUHDPāJ-     
7RWDOSRUHYROXPHFPāJ-     
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)LJXUH  1DGVRUSWLRQ-GHVRUSWLRQLVRWKHUPVIRUHDFK0&)-[&D2VDPSOHZKHUH[ 
DQGUHVSHFWLYHO\ 
 
 &2 FDSWXUH FDSDELOLW\ DQG ORQJ-WHUP VWDELOLW\ RI HDFK 0&)-[&D2
VDPSOH 
,Q WKLV VHFWLRQ WKH ORQJ-WHUP VWDELOLW\ DQG UHVLVWDQFH WR WKHUPDO VLQWHULQJ ZHUH
LQYHVWLJDWHG IRU WKH GHYHORSHG &D2EDVHG PDWHULDOV 7KHGXUDELOLW\ SHUIRUPDQFHRI
HDFKVDPSOHZDVWHVWHGE\PHDQVRIPXOWLF\FOLFFDUERQDWLRQFDOFLQDWLRQSURFHVV3ULRU
WRWKHPXOWL-F\FOLFWHVWWKHVDPSOHZDVFDOFLQHGLQVLWXLQWKH7*$IXUQDFHE\KHDWLQJ
XS WR  & LQ SXUH 1 DLPLQJ WR GHJDV DQG GHFDUERQDWH WKH VDPSOH 7KHQ WKH
WHPSHUDWXUH ZDV FRROHG WR  &SULRU WR WKH FDUERQDWLRQ VWDJH $FRPSOHWH F\FOH
ZDV FRPSRVHGRIFDUERQDWLRQ LQSXUH &2 DW &IRU PLQ DQGFDOFLQDWLRQ LQ
SXUH 1 DW  & IRU  PLQ UHVSHFWLYHO\ $IWHU FDOFLQDWLRQ WKH WHPSHUDWXUH ZDV
FRROHGWR&DJDLQWRFRQWLQXHZLWKWKHFDUERQDWLRQVWDJHRIDQHZF\FOH$ERXW
-F\FOHVWDELOLW\WHVWVIRUWKH0&)-&D2DQGWKH0&)-&D2ZHUHFDUULHGRXW7*$
UHVXOWVIRUWKH0&)-&D2DQGWKH0&)-&D2ZHUHVKRZQLQ)LJXUH6%HFDXVHWKH
0&)-&D2 DQG 0&)-&D2 VKRZHG QHDUO\ QR &2 FDSWXUH ZH RQO\ FRQGXFWHG
WKUHHF\FOHVRIFDUERQDWLRQFDOFLQDWLRQRSHUDWLRQIRUWKHVHWZRPDWHULDOV)LJXUH 
$FFRUGLQJ WR WKH &2 XSWDNH LQ HDFK FDUERQDWLRQ SURFHVV DQG HTXDWLRQ  WKH
FDUERQDWLRQ FRQYHUVLRQV RI WKH0&)-[&D2 VDPSOHV ZHUH FDOFXODWHG DQG VKRZHG LQ
)LJXUH7KH&2XSWDNHVRIERWKWKH0&)-&D2DQGWKH0&)-&D2ZHUHQHDUO\
]HUR EHFDXVH RI WKH LUUHYHUVLEOH UHDFWLRQ EHWZHHQ &D2 DQG VLOLFD XQGHU KLJK
WHPSHUDWXUH$VVKRZQLQWKH;5'UHVXOWV)LJXUHDOPRVWDOOWKH&D2FRPSRQHQW
KDG WUDQVIRUPHG LQWR &D6L2 GXULQJ WKH V\QWKHVLV RI WKH 0&)-&D2 DQG WKH
0&)-&D2)RUWKHVDPSOHVRIWKH0&)-&D2DQGWKH0&)-&D2WKH&2FDSWXUH
SHUIRUPDQFHVZHUHPXFKEHWWHU)RUH[DPSOHWKHFDUERQDWLRQFRQYHUVLRQVZHUH
DQGUHVSHFWLYHO\IRUWKH0&)-&D2DQGWKH0&)-&D20RUHRYHUERWKWKH
0&)-&D2DQGWKH0&)-&D2VKRZHGEHWWHUORQJ-WHUPVWDELOLW\FRPSDUHGZLWKWKH
RULJLQDO &D2 DQG WKH FDUERQDWLRQ FRQYHUVLRQV ZHUH  DQG  DIWHU 
FDUERQDWLRQFDOFLQDWLRQ F\FOHV UHVSHFWLYHO\ ,W LV VXJJHVWHG WKDW WKDW D SDUW RI &D2
ZLWKLQ WKHVLOLFDSRUHVZHUHWUDQVIRUPHGLQWRLQHUW&D6L2ZKLFKLQWXUQSUHYHQWHG
WKH FRQWDFW RI &D2 DQG VLOLFD ,Q DGGLWLRQ WKH LQHUW &D6L2 UHDFWHG ZLWK RULJLQDO
0&)IRUPLQJDVWDEOHIUDPHZRUNZKLFKFRXOGHIIHFWLYHO\OLPLWWKHVLQWHULQJRI&D2
XQGHU ORQJ-WHUP KLJK WHPSHUDWXUH FRQGLWLRQV > @ 7KHUHIRUH WKH PXOWL-F\FOLF
VWDELOLW\RIWKH&D2-EDVHGFRPSRVLWHVZDVVLJQLILFDQWO\HQKDQFHGIRUWKH0&)-&D2
DQGWKH0&)-&D2VDPSOHV 
'XULQJ WKH  FDUERQDWLRQFDOFLQDWLRQ F\FOHV WKH 0&)-&D2 DQG 0&)-&D2
VWLOOH[SHULHQFHGDVORZGHFD\DQGWKHFDUERQDWLRQFRQYHUVLRQVZHUHUHGXFHG
DQG  UHVSHFWLYHO\ ,Q FRPSDULVRQ &D2 VKRZHG PXFK VLJQLILFDQW GHFD\ LQ
PXOWLF\FOLF FDUERQDWLRQFDOFLQDWLRQ SURFHVV /L HW DO >@ UHSRUWHG WKDW WKH
FDUERQDWLRQ FRQYHUVLRQ RI &D2 UDSLGO\ GHFD\HG IURP  WR  DIWHU 
FDUERQDWLRQFDOFLQDWLRQ F\FOHV 6LPLODUO\ 6XQHW DO >@ UHSRUWHG WKDW &D2 GHULYHG
IURPQDWXUDOOLPHVWRQHGLVSOD\HGDODUJHDFWLYLW\ORVVRIIURPWKHFDUERQDWLRQ
FRQYHUVLRQ RI  WR  DIWHU  FDUERQDWLRQFDOFLQDWLRQ F\FOHV 7KH
0&)-&D2H[KLELWHGEHWWHUVWDELOLW\WKDQWKH0&)-&D2LQWHUPVRIWKHVWDELOLW\RI
&2FDSWXUH,WLVVXJJHVWHGWKDWLQWKHORQJ-WHUPKLJKWHPSHUDWXUHSURFHVVVRPH&D2
SDUWLFOHV LQ WKH0&)-&D2 VDPSOH ZHUH WUDQVIRUPHG LQWR &D6L2 UHVXOWLQJ LQ WKH
UHGXFWLRQRIDFWLYH&D2VSHFLHV+RZHYHUIRUWKH0&)-&D2VDPSOHZLWKPRUH&D2
FRQWHQWPRUHDFWLYH&D2VLWHVZHUHDYDLODEOHIRU&2FDSWXUH 
,WLVQRWHGWKDWIRU WKH0&)-&D2DGVRUEHQWWKHFDSDFLW\RI&2DGVRUSWLRQLV
Formatted: No underline, Underline color: Auto
DURXQGPPRO&2SHUJUDPRIDGVRUEHQW7KLVYDOXHRI&2XSWDNHLVKLJKHUWKDQ
VRPHUHSRUWHGGDWDIRUH[DPSOHPPROJ-&2DGVRUSWLRQZDVUHSRUWHGXVLQJDQ
RUJDQLF DFLG PRGLILHG &D2 SHOOHWV DGVRUSWLRQ WHPSHUDWXUH  & GHVRUSWLRQ
WHPSHUDWXUH&DQGYRO&2 LQ1 DW DWPRVSKHUHSUHVVXUH>@DQG
PPROJ-&2DGVRUSWLRQZDVREWDLQHGXVLQJ&D2PHVR-6L&PDWHULDOZLWKDGVRUSWLRQ
DQGGHVRUSWLRQWHPSHUDWXUHDWDQG& UHVSHFWLYHO\YRO&2 LQ1 DW
DWPRVSKHUH SUHVVXUH >@ +RZHYHU KLJKHU &2 DGVRUSWLRQ FDSDFLW\ XS WR 
PPROJ-ZHUHDOVRUHSRUWHGE\RWKHUUHVHDUFKHUV>@:HVXJJHVWHG WKDWD
ODUJH DPRXQW RI LQHUW VLOLFD PDWHULDO ZDV SUHVHQW LQVLGH WKH GHYHORSHG PDWHULDO
UHVXOWLQJ WKH UHODWLYHO\ ORZ &2 XSWDNH SHU JUDP RI WKH DGVRUEHQW 7KXV IXUWKHU
PHGLFDWLRQRIWKHDGVRUEHQWGHYHORSHGLQWKLVZRUNLVVXJJHVWHGLQWHUPVRILQFUHDVLQJ
WKHFDSDFLW\RI&2XSWDNHDQGSRVVLEOHPROHFXODUPRGHOOLQJZRUNFDQEHFDUULHGRXW
WRVXSSRUWWKHGHYHORSPHQWRI&2DGVRUEHQW 
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)LJXUH  7KHFDUERQDWLRQFRQYHUVLRQRI0&)-VXSSRUWHG&D2VRUEHQWVLQ
FDUERQDWLRQFDOFLQDWLRQF\FOHV&DUERQDWLRQ&PLQSXUH&2&DOFLQDWLRQ&
PLQSXUH1 
 
    ,QIOXHQFHRIDGVRUSWLRQFRQGLWLRQV 
7KHUHIRUHWKH0&)-&D2VDPSOHLVFRQVLGHUHGWREHDEHWWHUFDQGLGDWHIRU&2
FDSWXUH,WZDVVHOHFWHGWRIXUWKHULQYHVWLJDWHLWV&2FDSWXUHSURSHUWLHVXQGHUYDULHG
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VLWXDWLRQV &DUERQDWLRQ WHPSHUDWXUH DQG FDOFLQDWLRQ WHPSHUDWXUH DUH WZR LPSRUWDQW
RSHUDWLRQ IDFWRUV GXULQJ WKH &2 FDSWXUH SURFHVV WKHVH WZR SDUDPHWHUV ZHUH
LQYHVWLJDWHGXVLQJWKH0&)-&D2VDPSOH:KHQFDOFLQDWLRQWHPSHUDWXUHZDVIL[HGDW
 & FDUERQDWLRQ WHPSHUDWXUH YDULHG IURP  & WR  & DQG  &
UHVSHFWLYHO\ -F\FOH FDUERQDWLRQFDOFLQDWLRQ WHVWV WKURXJK 7*$ PHWKRG DQG WKH
UHVXOWV ZHUH VKRZQ LQ )LJXUH 6 7KH FDUERQDWLRQ FRQYHUVLRQV ZHUH FDOFXODWHG DQG
VKRZQLQ)LJXUH,WLVREYLRXVWKDWWKHFDUERQDWLRQWHPSHUDWXUHVWURQJO\LQIOXHQFHG
WKHFDUERQDWLRQFRQYHUVLRQ:LWKWKHLQFUHDVHRIFDUERQDWLRQWHPSHUDWXUHIURP&
WR& WKH FDUERQDWLRQFRQYHUVLRQ LQFUHDVHG IURP  WR  ,Q DGGLWLRQ
WKH VWDELOLWLHV RI 0&)-&D2 XQGHU GLIIHUHQW FDUERQDWLRQ WHPSHUDWXUHV ZHUH DOVR
LPSURYHGWKHFDUERQDWLRQFRQYHUVLRQVDIWHUF\FOHVZHUHDQG
UHVSHFWLYHO\DWDQG& 
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)LJXUH  -F\FOHFDUERQDWLRQFDOFLQDWLRQVWDELOLW\RI0&)-&D2XQGHUGLIIHUHQWFDUERQDWLRQ
WHPSHUDWXUHV 
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)LJXUH  -F\FOHFDUERQDWLRQFDOFLQDWLRQVWDELOLW\RI0&)-&D2XQGHUGLIIHUHQWFDOFLQDWLRQ
WHPSHUDWXUHV 
 
 
 
7KH FDOFLQDWLRQ WHPSHUDWXUHZDV LQYHVWLJDWHG DW  DQG  & DQG WKH
FDUERQDWLRQ WHPSHUDWXUH ZDV FRQVWDQW DW  & 7KH 7*$ UHVXOWV RI -F\FOH
FDUERQDWLRQFDOFLQDWLRQ WHVWV DQG WKH FDOFXODWHG FDUERQDWLRQ FRQYHUVLRQV ZHUH
H[KLELWHGLQ)LJXUH6DQG)LJXUHUHVSHFWLYHO\,WFDQEHVHHQWKDWWKHYDULDWLRQRI
FDOFLQDWLRQ WHPSHUDWXUH KDG OLWWOH LQIOXHQFH RQ WKH FDUERQDWLRQ FRQYHUVLRQ RI WKH
0&)-&D27KHLQIOXHQFHZDVPDLQO\RQWKHUHDFWLRQUDWHEHFDXVHKLJKHUFDOFLQDWLRQ
WHPSHUDWXUHZRXOGSURPRWHWKHGHFRPSRVLWLRQRI&D&2  
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)LJXUH  -F\FOHFDUERQDWLRQFDOFLQDWLRQVWDELOLW\RI0&)-&D2XQGHUGLIIHUHQW&2
FRQFHQWUDWLRQVDW&IRUFDUERQDWLRQDQG&IRUFDOFLQDWLRQ 
 
7KHLQIOXHQFHRI&2FRQFHQWUDWLRQZDVDOVRLQYHVWLJDWHGZKLOHWKHFDUERQDWLRQ
WHPSHUDWXUH ZDV IL[HG DW  & DQG WKH FDOFLQDWLRQ WHPSHUDWXUH ZDV FRQVWDQW DW
&UHVSHFWLYHO\YRODQGYRO&2LQ1ZHUHXVHGWRWHVWWKHFDSWXUH
DELOLW\ DQG ORQJ-WHUP VWDELOLW\ RI 0&)-&D2 DV VKRZQ LQ )LJXUH6 DQG )LJXUH
7KHUHVXOWV UHYHDOHG WKDW WKHFDSWXUHFDSDFLW\DQGORQJ-WHUPVWDELOLW\RI0&)-&D2
ZHUHDOPRVWWKHVDPHZKHQYROYRODQGYRO&2ZHUHLQYHVWLJDWHG
VXJJHVWLQJWKDWWKH0&)-&D2FRXOGEHHPSOR\HGLQORZFRQFHQWUDWLRQ&2FDSWXUH
SURFHVV7KHUHIRUHWKH0&)-&D2LVDSRWHQWLDOSURPLVLQJVRUEHQWIRUWKHFDSWXUHRI
&2IURPIOXHJDVHV 
 
4. &RQFOXVLRQV 
,QWKLVZRUNDPHWKRGRISUHSDULQJQRYHO0&)-VXSSRUWHG&D2FRPSRVLWHVZDV
SURSRVHG IRU &2 FDSWXUH ,W VKRZHG WKDW WKH LQWHUDFWLRQ EHWZHHQ &D2 DQG VLOLFD
VXSSRUWIRUPLQJ&D6L2ZDVNH\WRSUHSDUHD&2DGVRUEHQWZLWKEHWWHUVWDELOLW\LQ
F\FOHVRI&2DGVRUSWLRQGHVRUSWLRQ,QDORQJ-WHUPKLJKWHPSHUDWXUHSURFHVVDSDUW
RI&D2UHDFWHGZLWKWKHVLOLFDZDOOWRIRUP&D6L20&)DQG&D6L2FRQVWUXFWHGD
VWDEOH IUDPHZRUNZKLFKZDV VXJJHVWHG WRSUHYHQW WKH VLQWHULQJRI&D2GXULQJ&2
FDSWXULQJ SURFHVV:H DOVR FRQFOXGHG WKDW FHUWDLQ DPRXQW RI &D2 VKRXOG EH
LQFRUSRUDWHG LQWR WKH 0&) PDWHULDO LQ RUGHU WR KDYH D EHWWHU SHUIRUPDQFH RI &2
FDSWXUHGXHWRWKHLQWHUDFWLRQZLWKVXSSRUW7KH7KHVDPSOHRI0&)-&D2VKRZHGD
JRRG FDUERQDWLRQ FRQYHUVLRQ RIZLWK  FDUERQDWLRQ FRQYHUVLRQ VKRZHG RQO\
VOLJKWO\ UHGXFHRI&2 DGVRUSWLRQDIWHUF\FOHVRIFDUERQDWLRQFDOFLQDWLRQSURFHVV
FDUERQDWLRQ WHPSHUDWXUH  & DQG FDOFLQDWLRQ WHPSHUDWXUH  & ZKHQ
FDUERQDWLRQWHPSHUDWXUHZDV&DQGFDOFLQDWLRQ WHPSHUDWXUHZDV&$IWHU
 F\FOHV RI FDUERQDWLRQFDOFLQDWLRQ SURFHVV WKH FDUERQDWLRQ FRQYHUVLRQ VKRZHG
VOLJKWO\ UHGXFH WR  0RUHRYHU WKH 0&)-&D2 DOVR H[KLELWHG JRRG FDSWXUH
SHUIRUPDQFH ZKHQ  YRO &2ZDV XVHG7KH LQYHVWLJDWLRQ RI SURFHVV FRQGLWLRQV
XVLQJ WKH 0&)-&D2 VKRZHG WKDW WKH DGVRUSWLRQ WHPSHUDWXUH FDUERQDWLRQ KDG D
FOHDULQIOXHQFHRQ&2FDSWXUHZKLOHVPDOOLQIOXHQFHZDVREWDLQHGIURPFDOFLQDWLRQ
WHPSHUDWXUHDQG&2FRQFHQWUDWLRQ  
 
$FNQRZOHGJHPHQW 
)LQDQFLDO VXSSRUW IRU WKLV ZRUN LV SURYLGHG E\ WKH 1DWLRQDO .H\ 7HFKQRORJLHV
5	'3URJUDP%$&%WKH1DWLRQDO1DWXUDO6FLHQFH)RXQGDWLRQRI&KLQD
1R % DQG WKH (8 )3 ,QWHUQDWLRQDO 5HVHDUFK 6WDII ([FKDQJH 6FKHPH
,56(6XQGHUWKHJUDQWDJUHHPHQWQXPEHU3,56(6-*$--    
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